1. Introduction {#sec1}
===============

Papillary thyroid cancer (PTC) accounts for approximately 90% of all histologic types of thyroid cancers, and it is also the most common endocrine malignancy with an increasing incidence over the past several decades \[[@B1]--[@B3]\]. Despite improved medical techniques, such as diagnosis and reporting, other accountable reasons remain to be discovered \[[@B4]\]. Risks of PTC comprise genetic and environmental factors \[[@B5]\]. A recent study found that individuals with family history of thyroid cancer, especially in siblings, are highly predisposed to PTC \[[@B6]\]. In addition, female and ionizing radiation (IR) during the period of childhood and adolescents are certain risk factors of PTC \[[@B7]--[@B9]\]. In normal conditions, incidence rate of PTC in females is more than males, and the female-to-male rate ratio is about three or more. PTC patients generally have a good prognosis, with the overall 5-year and 10-year relative survival rate being about 95% to 97% and 93%, respectively \[[@B10]--[@B13]\]. Clinicopathological features that influence prognosis of PTC include age at diagnosis, primary tumor size, local and extrathyroidal invasion, and metastasis \[[@B1], [@B14]\]. Studies have identified single nucleotide polymorphism (SNP) in several genes sensitive to PTC, such as FOXE1, BRAF V600E, and Fas gene \[[@B15]--[@B17]\]. A genome-wide association study (GWAS) also found that variants on rs965513 and rs944289, which are adjoined by FOXE1 and NKX2-1, are associated with increased risk of PTC \[[@B18]\].

In this study, the gene we were interested in was ataxia telangiectasia mutated (ATM) for its critical function in the process of recognizing and repairing DNA lesions of its coding protein kinase. ATM gene located on chromosome 11q22-23 spanning over 160 kb of genomic DNA and produces an approximately 350 kDa protein that plays a key role in DNA damage response, especially for double-strand break \[[@B19]\]. ATM belongs to the phosphoinositide 3-kinase (PI3-K) family and exists in the form of dimer or multimer \[[@B20]\]. Once cells received radiation, ATM dimer will be dissociated and so activated, followed by a variety of downstream proteins phosphorylation \[[@B21], [@B22]\]. In the human autosomal recessive disorder ataxia telangiectasia, ATM gene is mutated, resulting in genome instability, immunodeficiency, hypersensitive to IR, and cancer predisposition \[[@B23], [@B24]\]. Since Savitsky et al. first named the gene, ATM has been widely studied not only about the mechanism and pathway it functions, but also about its association with diseases, like variety of cancers \[[@B20]\]. Malignancies that have been reported to be associated with specific ATM alleles mutation include breast, lung, thyroid, prostate cancer, and chronic lymphocytic leukemia \[[@B25]--[@B29]\]. Studies previously suggested that low expression of ATM was related to poor differentiation of oral squamous cell carcinoma and gastric cancer and involved in lymph-node metastasis \[[@B30], [@B31]\]. A recent study also demonstrated that ATM facilitated invasion and lymph-node metastasis of breast cancer through the ATM-Snail pathway \[[@B32]\]. Similar situation was found in neuroendocrine tumor in which ATM was downregulated in metastatic patients compared with nonmetastatic ones \[[@B33]\]. These findings suggest that ATM gene may be a biomarker for diagnosis and prognosis in cancers.

More than 10% of PTC patients end up dead and considerable percentage of the cancers in these patients metastasize \[[@B34], [@B35]\]. In this study, we want to investigate whether the presence of the ATM gene polymorphisms indicates metastasis of PTCs.

2. Materials and Methods {#sec2}
========================

2.1. Patients and Samples {#sec2.1}
-------------------------

A total of 358 PTC patients undergoing surgery, including 109 males and 249 females, recruited from the China-Japan Union Hospital of Jilin University in Changchun, Jilin province, China, between January 2010 and April 2012, were enrolled in our study. All patients were Han population in Northern China and were sporadic cases (i.e., not induced by radiation) ranging from 20 to 75 years old. The diagnosis of PTC was confirmed by pathologists based on the Revised American Thyroid Association Management Guidelines for Patients with Thyroid Nodules and Differentiated Thyroid Cancer \[[@B36]\]. The histologic type of PTC in our study is pure papillary carcinoma other than follicular variant of PTC, and metastasis of PTC was diagnosed as lymph node metastasis other than distant metastasis. Demographic data and clinical information were obtained through inquiry from the patients or from the medical records. Blood specimens were provided for genotyping. This project was approved by the ethics committee of the School of Public Health, Jilin University, and all subjects participated in the study with written informed consent.

2.2. Selection of SNPs in the ATM Gene {#sec2.2}
--------------------------------------

Four SNPs in the ATM gene were chosen on account of their potential function in the progress of cancer and the role they might play in altering activity of ATM kinase based on prior studies. The positions of rs664677 (human genome variation society (HGVS) name: NC_000011.9:g.108143182C\>T), rs373759 (HGVS name: NC_000011.9:g.108220657C\>T), rs4988099 (HGVS name: NC_000011.9:g.108194024A\>G), and rs189037 (HGVS name: NC_000011.9:g.108093833G\>A) in the gene were intron 20, intron 59, intron 45, and 5′ UTR of the promoter region, respectively. The minor allele frequencies (MAF) of the four SNPs were all more than 5%.

2.3. DNA Extraction {#sec2.3}
-------------------

We collected 5 mL blood sample from every patient and stored the specimens at −20°C in nonanticoagulant, plexiglass tubes. Genomic DNA was extracted from peripheral blood lymphocytes by using a commercial DNA extraction kit (ClotBlood DNA kit, Cwbio, Beijing, China), according to the manufacturer\'s instructions. DNA concentration and purity were detected by ultraviolet spectrophotometer (Beckman, USA) with OD~260~/OD~280~ between 1.6 and 1.9 which we thought to be satisfactory.

2.4. SNP Genotyping {#sec2.4}
-------------------

The primers for polymerase chain reaction (PCR) were designed by Assay Designer 3.1, showed in [Table 1](#tab1){ref-type="table"}. PCR was performed on 384-well plate with well H11, H12, P11, and P12 as controls run without primer. The amplification system comprised 5 *μ*L mixture: HPLC-grade water 1.8 *μ*L, PCR Buffer 1x, MgCl~2~ 1.625 mM, dNTP Mix 500 *μ*M, Primer Mix 0.1 *μ*M, Hotstart Taq DNA Polymerase 1 U, and genomic DNA 1 *μ*L (10 ng). PCR cycle program was 15 min at 94°C, 45 cycles of 20 sec at 94°C, 30 sec at 56°C, and 1 min at 72°C, and the terminal extension was 3 min at 72°C. Genotypes of four SNPs were detected using the technique of Matrix-Assisted Laser Desorption/Ionization Time of Flight Mass Spectrometry (MALDI-TOF-MS) with the MassARRAY system (Sequenom, San, Diego, CA, USA). The genotyping rates for rs664677, rs373759, rs4988099, and rs189037 were 98.9%, 98.9%, 98.6%, and 99.2%, respectively.

2.5. Statistical Analysis {#sec2.5}
-------------------------

We analyzed the association between four SNPs in ATM and metastasis of PTC in males and females. Continuous covariates were presented using mean and standard deviation; for categorical variables, percentages were used instead. Association between genotypes and the gender-specific risk of metastasis was assessed by odds ratios (OR) and 95% confidence intervals (CI) under the unconditional logistic regression analysis adjusted by age and stage. For each SNP, risk of metastasis was estimated under different models of inheritance (codominant, dominant, recessive, overdominant, and multiplicative). Bonferroni correction was performed to reduce the type I error in multiple testing. The haplotype analysis was performed using the SNPStats program (<http://bioinfo.iconcologia.net/SNPStats>) \[[@B37]\] with the most frequent haplotype as the reference group. Departure from Hardy-Weinberg equilibrium (HWE) was evaluated using chi-square test. Pairwise linkage disequilibrium (LD) between SNPs was examined using *D*′ and *r* ^2^. All analyses were performed using SPSS 16.0 unless otherwise specified. Two-sided test with *P* value less than 0.05 was considered statistically significant.

3. Results {#sec3}
==========

[Table 2](#tab2){ref-type="table"} showed the location, genotyping rate, test of HWE, minor allele, and MAF of the studied SNPs. All SNP genotype distributions were in HWE (*P* \> 0.05) except for rs189037.

The study included 109 male patients and 249 female patients. The demographic and clinical characteristics of the participants enrolled in our study were summarized in [Table 3](#tab3){ref-type="table"}. The mean ages of male and female patients were 43.23 and 42.53, respectively. 81.0% of males and 85.8% of females were diagnosed at an early tumor stage (stage I) with a few patients being diagnosed at latter stages. The proportion of patients with metastasis in males (47.6%) was higher than that in females (39.0%), and most patients, both males and females, were free of thyroid disease and family history of the disease. No significant difference in age, stage, metastasis, history of thyroid disease, and family history was found between male patients and female patients.

The distribution of genotypes for each SNP was summarized in [Table 4](#tab4){ref-type="table"}. No significant difference in SNP genotype frequency was observed between patients with and without metastasis in both groups. For rs4988099, homozygote of the minor allele (GG) was absent in male group and only one GG genotype was detected in female patients without metastasis. In consideration of this, only distributions of AA and AG were compared for males in the following inheritance model analyses.

As seen from [Table 5](#tab5){ref-type="table"}, in female patients, protective effect on PTC metastasis was observed for the rs189037 polymorphism. Under codominant and dominant models of inheritance, presence of minor A allele decreased the risk of metastasis compared with wild genotype GG (OR = 0.15, 95% CI 0.04--0.56, *P* = 0.01 for GA, OR = 0.08, 95% CI 0.01--0.74, *P* = 0.03 for AA, and OR = 0.49, 95% CI 0.25--0.98, *P* = 0.04 for GA + AA). In addition, the heterozygote GA also contributed to a decreased metastatic risk of PTC in the overdominant model (OR = 0.47, 95% CI 0.25--0.89, *P* = 0.02), while, under recessive and multiplicative models, AA genotype and increased number of A allele had no relationship with metastasis in female patients (*P* \> 0.05). However, no association remained statistically significant after Bonferroni correction. These results collectively indicate that ATM rs189037 may be critical in metastasis of female PTCs and needs to be validated in studies with a larger sample size, while in male group no SNP significantly associated with metastasis of PTC was found.

For the low GG genotype frequency of rs4988099, LD examination and haplotype analysis were done among rs664677, rs373759, and rs189037 only. Strong linkage disequilibrium was observed between the three SNPs with each other (0.745 \< *D*′ \< 0.960, 0.495 \< *r* ^2^ \< 0.668).

Haplotype analysis was shown in [Table 6](#tab6){ref-type="table"}. The two most common haplotypes CGG and TAA accounted for about 79% and 85% of all haplotypes in males and females, but no haplotype was found to be significantly associated with metastasis of PTC in both groups.

4. Discussion {#sec4}
=============

SNP analysis is very common in the association study of genetic variation and its role in disease development. In our previous case-control study, we did not find significant tendency of risk alleles increasing from healthy controls to nonmetastatic PTCs, to metastatic PTCs using the trend chi-square test \[[@B38]\], while gender is an important factor in PTC because the incidence rate between males and females is distinct, so it is necessary to treat gender-specific PTC separately. In this stratification analysis, we demonstrated possible relevance of polymorphism in ATM rs189037 to metastatic risk of PTC in females though it became insignificant after Bonferroni correction. Further studies with larger sample size and different ethnic population would be needed to confirm our observation.

The polymorphism rs189037 is located at the 5′UTR of the promoter region of ATM gene. Studies have showed that polymorphisms in the promoter region of gene may be associated with specific phenotypes by changing the binding sites of transcription factors, which is important in gene expression \[[@B39]\]. The heterozygote of rs189037 has been observed to be significantly related to longevity probably in the way of regulating AP-2*α*, a transcription factor that participates in many important life processes \[[@B40]\]. We suppose that there is also one or more transcription factors whose binding sites are regulated by rs189037, and thus different genotypes may upregulate or downregulate the expression of ATM gene, which features in tumorigenesis and metastasis.

Some domestic studies found that ATM rs189037 A allele poorly predicted the outcome of lung cancer and was a risky biomarker of breast cancer in Taiwanese Females \[[@B41], [@B42]\]. Our results seem to be opposite to the above findings, and we guess that the role rs189037 plays in malignancy progression differs in the type of tumor and ethnicity. A study on rs189037 and nasopharyngeal carcinoma in Cantonese found no correlations even in gender-stratified analyses, providing evidence for our explanation \[[@B43]\].

It is useful to analyze the association stratified by gender for female gender is a well-known risk factor of thyroid cancer though the reason is unclear. A study using the Surveillance, Epidemiology, and End Results (SEER) 9 Registries Database identified that gender was an age-specific effect modifier for PTC incidence, and the female-to-male incidence rate declined consistently with increase in age \[[@B44]\]. The use of estrogen is one of the hypotheses that lead to higher thyroid cancer incidence rate in females, and Vivacqua et al. reported the possible molecular mechanism of thyroid cancer progression that involved estrogen \[[@B45]\]. However, whether estrogen functioned in the promotion of thyroid cancer metastasis needs to be further studied.

Our study has some limitations and should be interpreted with caution. Firstly, our study included 358 PTC patients, which is a relatively small sample size, and this might have influence on the statistical power. Secondly, although our inclusion criteria were made very strict, all patients were selected from hospital and selection bias is common in this kind of participants\' recruitment. Thirdly, the exact mechanisms of ATM SNPs on progression and metastasis of PTC are unknown and further studies are needed in this respect. Nevertheless, our study provided a helpful clew to study the metastatic mechanism of PTC, especially for females.

This work was supported by Natural Science Foundation of Jilin Province in China (Grant no. 201015176) and Graduate Innovation Fund of Jilin University (Grant no. 2014109).

Conflict of Interests
=====================

The authors declare that there is no conflict of interests regarding the publication of this paper.

Authors' Contribution
=====================

Yulu Gu and Xiaoli Liu contributed equally to this work.

###### 

Primers for polymerase chain reaction.

  -----------------------------------------------------------------------
  SNPs                                Primer sequence (5′-3′)
  ----------------------------------- -----------------------------------
  rs664677                            F: ACGTTGGATGCTCAGAAAACTCACTGAAAG

  R: ACGTTGGATGGGCATATTCCACATAATGAC   

                                      

  rs373759                            F: ACGTTGGATGGTTAGCTTTTCTGCTGAGAG

  R: ACGTTGGATGTTCCCTCATACTCCTTCCTC   

                                      

  rs4988099                           F: ACGTTGGATGAGTACATTGGCAGTACTTAC

  R: ACGTTGGATGCTCTTTTCAGCAGGATAATC   

                                      

  rs189037\                           F: ACGTTGGATGGCTAACGGAGAAAAGAAGCC

  R: ACGTTGGATGAGTAGTATCAACCGCGGC     
  -----------------------------------------------------------------------

F: forward; R: reverse.

###### 

Information of the studied SNPs.

  NCBI SNP ID   Location    Genotyping rate (%)   *P* (HWE)   Minor allele   MAF     
  ------------- ----------- --------------------- ----------- -------------- ------- -------
  rs664677      intron 20   98.9                  0.199       T              0.388   0.418
  rs373759      intron 59   98.9                  0.092       A              0.305   0.381
  rs4988099     intron 45   98.6                  0.974       G              0.016   0.052
  rs189037      5′-UTR      99.2                  0.042       A              0.485   0.470

HWE: Hardy-Weinberg equilibrium; MAF: minor allele frequency; UTR: untranslated regions.

###### 

Characteristics of the male and female patients (*n*, %).

  Patient characteristics      Male (*n* = 109)   Female (*n* = 249)   *P*
  ---------------------------- ------------------ -------------------- ----------
  Age^a^                       43.23 ± 10.164     42.53 ± 9.035        0.517
  Stage                                                                0.723^b^
   0-I                         81 (81.0)          205 (85.8)            
   II                          7 (7.0)            15 (6.3)              
   III                         4 (4.0)            7 (2.9)               
   IV                          7 (7.0)            10 (4.2)              
   Unknown                     1 (1.0)            2 (0.8)               
  Metastasis                                                           0.145
   Yes                         49 (47.6)          89 (39.0)             
   No                          54 (52.4)          139 (61.0)            
  History of thyroid disease                                           0.526
   Yes                         8 (7.4)            14 (5.6)              
   No                          100 (92.6)         234 (94.4)            
  Family history                                                       0.902
   Yes                         7 (6.6)            17 (7.0)              
   No                          99 (93.4)          227 (93.0)           

^a^Mean ± standard deviation (SD).

^b^Fisher\'s exact test.

###### 

Distribution of genotype frequency by study groups.

  Genotype    Male        *P*         Female     *P*                      
  ----------- ----------- ----------- ---------- ----------- ------------ -------
  rs664677                            0.993                               0.088
   CC         15 (31.3)   16 (30.2)              34 (38.6)   44 (31.9)     
   CT         24 (50.0)   27 (50.9)              38 (43.2)   79 (57.2)     
   TT         9 (18.8)    10 (18.9)              16 (18.2)   15 (10.9)     
  rs373759                            0.359                               0.249
   GG         11 (22.9)   19 (35.8)              35 (39.8)   53 (38.4)     
   GA         31 (64.6)   29 (54.7)              38 (43.2)   71 (51.4)     
   AA         6 (12.5)    5 (9.4)                15 (17.0)   14 (10.1)     
  rs4988099                           0.493^a^                            0.406
   AA         45 (93.8)   47 (88.7)              81 (92.0)   119 (86.9)    
   AG         3 (6.3)     6 (11.3)               7 (8.0)     17 (12.4)     
   GG         0 (0.0)     0 (0.0)                0 (0.0)     1 (0.7)       
  rs189037                            0.317                               0.126
   GG         7 (14.3)    12 (22.6)              32 (36.4)   36 (26.1)     
   GA         33 (67.3)   28 (52.8)              39 (44.3)   80 (58.0)     
   AA         9 (18.4)    13 (24.5)              17 (19.3)   22 (15.9)    

^a^Fisher\'s exact test.

###### 

OR (95% CI) for metastasis of PTC by ATM gene polymorphisms according to different models of inheritance (adjusted by age and stage). *P* \< 0.05 in bold.

  SNP, genotype           Male                 Female                           
  ----------------------- -------------------- -------- ----------------------- ----------
  rs664677                                                                       
   CC^a^                  1.00                          1.00                     
   CT                     0.36 (0.04--3.41)    0.54     4.32 (0.54--34.27)      0.95
   TT                     0.63 (0.14--2.73)    0.38     1.03 (0.40--2.66)       0.17
   CT + TT versus CC^b^   0.98 (0.35--2.75)    0.97     0.74 (0.39--1.41)       0.36
   TT versus CC + CT^c^   0.75 (0.21--2.64)    0.65     2.03 (0.86--4.82)       0.11
   CT versus CC + TT^d^   1.17 (0.44--3.12)    0.75     0.54 (0.29--1.00)       0.05
   Risk per T allele^e^   0.91 (0.46--1.80)    0.78     1.05 (0.66--1.67)       0.84
  rs373759                                                                       
   GG^a^                  1.00                          1.00                     
   GA                     1.94 (0.43--8.73)    0.39     3.11 (0.98--9.88)       0.06
   AA                     4.67 (0.34--65.00)   0.25     3.01 (0.34--26.90)      0.32
   GA + AA versus GG^b^   1.81 (0.62--5.31)    0.27     0.98 (0.52--1.84)       0.96
   AA versus GG + GA^c^   0.81 (0.15--4.24)    0.80     1.66 (0.68--4.07)       0.27
   GA versus GG + AA^d^   1.83 (0.67--4.99)    0.24     0.78 (0.42--1.44)       0.43
   Risk per A allele^e^   1.34 (0.60--2.98)    0.48     1.13 (0.71--1.78)       0.61
  rs4988099                                                                      
   AA^a^                  1.00^f^                       1.00                     
   AG                     0.73 (0.13--3.97)    0.71     0.52 (0.17--1.57)       0.24
   AG + GG versus AA^b^   ---                  ---      0.68 (0.24--1.94)       0.46
   AG versus AA + GG^c^   ---                  ---      0.70 (0.25--2.00)       0.50
   Risk per G allele^e^   ---                  ---      0.68 (0.24--1.88)       0.44
  rs189037                                                                       
   GG^a^                  1.00                          1.00                     
   GA                     1.58 (0.23--10.87)   0.64     **0.15 (0.04--0.56)**   **0.01**
   AA                     0.78 (0.05--13.51)   0.87     **0.08 (0.01--0.74)**   **0.03**
   GA + AA versus GG^b^   1.87 (0.52--6.74)    0.33     **0.49 (0.25--0.98)**   **0.04**
   AA versus GG + GA^c^   0.55 (0.14--2.09)    0.37     1.29 (0.58--2.86)       0.53
   GA versus GG + AA^d^   2.18 (0.78--6.11)    0.13     **0.47 (0.25--0.89)**   **0.02**
   Risk per A allele^e^   1.03 (0.47--2.25)    0.95     0.79 (0.49--1.25)       0.31

^a^Codominant model (wild homozygote serves as the reference).

^b^Dominant model (combined heterozygote and homozygote for the minor allele versus wild homozygote).

^c^Recessive model (minor allele homozygote versus combined heterozygote and homozygote for the wild allele).

^d^Overdominant model (heterozygote versus combined homozygote for the wild and minor alleles).

^e^Multiplicative model (uses allele frequencies).

^f^Just gives OR (95% CI) and *P*-value for heterozygote versus wild homozygote (no GG genotype for males).

###### 

Associations between ATM haplotypes and risk of metastasis (adjusted by age and stage).

  Haplotype   SNP^a^   Frequency   OR (95% CI)   *P*                                             
  ----------- -------- ----------- ------------- -------- -------- -------- -------------------- ------
  Male                                                                                            
   1          C        G           G             0.4512   0.4699   0.4324   1.00                 ---
   2          T        A           A             0.3387   0.3217   0.3600   1.14 (0.47--2.75)    0.78
   3          T        G           A             0.0794   0.1010   0.0532   0.43 (0.09--2.13)    0.31
   4          C        A           A             0.0658   0.0462   0.0852   2.42 (0.43--13.79)   0.32
   5          C        G           A             0.0308   0.0405   0.0220   1.39 (0.14--13.42)   0.78
   6          T        G           G             0.0223   0.0207   0.0240   2.97 (0.24--37.16)   0.40
   Rare^b^    ---      ---         ---           0.0118   0.0000   0.0232   ---                  ---
  Female                                                                                          
   1          C        G           G             0.5330   0.5228   0.5494   1.00                 ---
   2          T        A           A             0.3142   0.2983   0.3386   1.00 (0.60--1.66)    0.99
   3          T        G           A             0.0532   0.0687   0.0295   0.30 (0.08--1.10)    0.07
   4          C        A           A             0.0460   0.0529   0.0361   0.54 (0.16--1.84)    0.32
   5          T        G           G             0.0241   0.0240   0.0241   1.45 (0.38--5.51)    0.58
   6          C        G           A             0.0224   0.0294   0.0106   0.35 (0.06--2.13)    0.26
   Rare^b^    ---      ---         ---           0.0070   0.0039   0.0117   3.03 (0.18--52.22)   0.45

^a^SNP are as follows: 1: rs664677; 2: rs373759; 3: rs189037.

^b^Rare: haplotypes with frequencies \<0.01.

[^1]: Academic Editor: Małgorzata Kotula-Balak
